Loneliness is typically defined as the subjective feeling of dissatisfaction that occurs when one's actual social relationships are inadequate in light of one's desired or ideal social relationships. And lonely people have worse problems with social interactions and health conditions. This research aimed was to examine the predictors of loneliness, with a focus on genetic factors (COMT genotype) and maternal rearing style, and further consider how loneliness moderates the relationship between maternal rearing style and adult's social interaction and mental health. The present results showed that CMOT genotype significantly moderated the relationship between maternal rejection and loneliness, while only individuals who perceived little support from their mothers and carried Val/Val genotype were at increased risk for developing loneliness across adulthood. When considering the mediation model, current findings revealed that only CMOT genotype moderated the association between maternal rearing style and loneliness in their relation to social anxiety and life satisfaction, and these effects are significant cross-age. Specifically, with Val/Val genotype, individuals who received a high rejection from the mother would influence their mental health through their loneliness feeling. These findings contribute to a further understanding of the environmental and genetic basis of loneliness and further examine its influence on adult mental health.
Introduction
Loneliness is typically defined as the subjective feeling of dissatisfaction that occurs when one's actual social relationships are inadequate in light of one's desired or ideal social relationships (Luo, Hawkley, Waite, & Cacioppo, 2012) . The percentage of people reporting feeling lonely "sometimes" or "often" is estimated to be between 11% and 30% of adults (Dykstra et al., 2005; Griffin, 2010; Hawthorne, 2008) . Evidence has shown that loneliness is related to various adverse health conditions, including increased cardiovascular health risk (Caspi, Harrington, Moffitt, Milne, & Poulton, 2006) and depression in adults (Cacioppo, Hawkley, & Thisted, 2010) . Therefore, it is important to examine its antecedents and its outcomes. The present study aimed to examine the predictors of loneliness, with a focus on genetic factors (COMT genotype) and maternal rearing style, and further consider how loneliness moderates the relationship between maternal rearing style and adult's social interaction and mental health.
The evolutionary theory of loneliness posits that loneliness is influenced by both genetic inheritance and environmental factors (J.T. Cacioppo et al., 2014; J. T. Cacioppo & Patrick, 2008) . Consistent with the evolutionary theory of loneliness, significant G  E findings were observed for four genes related to the HPA axis (the corticotropin-releasing hormone receptor 1, or CRHR1; Chou, Cacioppo, Kumari, & Song, 2014 ), the serotonin system (the serotonin transporter, or SLC6A4; van Roekel, Scholte, Verhagen, Goossens, & Engels, 2010) , oxytocin (the OXTR gene; van Roekel, Verhagen, Scholte, et al., 2013) , and the dopamine system (the dopamine receptor D2, or DRD2; van Roekel, Goossens, Scholte, Engels, & Verhagen, 2011) . However, loneliness is a complex trait that is affected by numerous forms of genetic influence, indicating the involvement of additional genetic variants in the expression of loneliness. In the context of the dopaminergic neurotransmission, especially the Catechol-O-methyltransferase (COMT) Val158Met polymorphism is an interesting candidate polymorphism because this gene locus has turned out to be functional. However, the existing research has not examined the direct effects of the COMT gene on loneliness. Loneliness is said to be a significant variable affecting depression (Erzen & Çikrikci, 2018) and also play a causal role in the development of depression (Yavuzer, Albayrak, & Kılıçarslan, 2019) . Many studies have reported an association of the COMT Val158Met polymorphism and depression, although with conflicting results (Klein, Schmoeger, Kasper, & Schosser, 2016) . Therefore, we expected that the COMT Val158Met polymorphism genotype would be related to loneliness and could be regarded as a candidate gene.
The ETL also states that some people are more likely to experience loneliness than others. This individual variability in loneliness is affected by both genes and the environment or, to be more precise, by their interaction. Ira et al. (2014) found that individuals exposed to low maternal care as a child (childhood adversity) and who experienced stressful life events in adulthood (proximal stress) reported more psychotic symptoms, and this relationship was strongest among the Val/Val COMT group. Also, the association between stressful life events and bipolar disorder is significant and higher for those in the Val dominant group compared to those with the Met/Met genotype (Hosang, Fisher, Cohen-Woods, McGuffin, & Farmer, 2017) . Drury et al. (2010) also found evidence of a COMT Val158Met × early severe social deprivation interaction on depressive symptoms. So, we expected the COMT Val158Met to interact with environmental factors in predicting loneliness.
As for environmental factors, a meta-analysis (Mahon, Yarcheski, Yarcheski, Cannella, & Hanks, 2006) revealed that the most important environmental predictors of loneliness were social support and parental support. Prior research has found that the buffering role of social support varies by its sources in that parental support, not peer support, buffers the adverse association between stress and individuals' psychological well-being (i.e., depressive symptoms) (Crockett et al. 2007 ). In specific, the different effects of maternal versus paternal support demonstrated the necessity of separating individual types of support, rather than combining them as in previous research (Chao, 2012; Lee et al., 2014) , and highlighted the importance of maternal rearing style. For example, mothers spend considerably more time socializing children compared to men (Yeung, Sandberg, Davis-Kean, & Hofferth, 2001) . Also, Xu et al. (2017) found that emotional warmth, overprotection and rejection were significantly more often perceived from mothers than from fathers. So, the current study focuses on maternal rearing style and expects that maternal rearing style is related to loneliness.
As the adult child grow up and require less direct care, it is expected that parents would contribute less child care. Child-care assistance from parents varies the most dramatically across adulthood (Cooney, & Uhlenberg, 1992) . Overall, adult children commonly receive residential assistance from parents in emerging adult years, but after age 30 such help is negligible. But, van Roekel et al (2010) found that the 5-HTTLPR genotype was related to the development of loneliness and maternal support on short allele carriers remained stable in loneliness over time. So, we first hypothesized that the impact of maternal rearing style on the adult child would be weaker across adulthood. Besides, the impact of maternal rearing style on adult children with high susceptibility might be stable.
The evolutionary theory not only frames loneliness as an important outcome but also frames loneliness as an important intermediate variable predicting other outcomes. A diary study has shown that individuals high on loneliness experienced less reward from daily social interactions compared with individuals low on loneliness (Hawkley, Preacher, & Cacioppo, 2007) . As for social interactions, lonely people are identified to have more negative self-evaluations that promote their perception and anticipation of rejection from others (Jones, Freemon, & Goswick, 1983) , thus having more problems interacting with people, such as social anxiety. In a cross-lagged structural equation model controlling for trait levels and prior states, researchers indicated that earlier loneliness positively predicted future states of social anxiety (Lim, Rodebaugh, Zyphur, & Gleeson, 2016) . Likewise, evidence has shown that loneliness is related to various adverse health conditions, including life satisfaction. Goodwin et al. (2001) found that loneliness is negatively related to life satisfaction. Thus, loneliness might further impact the level of social anxiety and life satisfaction.
In the present investigation, we first examined the relationships of the COMT genotype, maternal rearing style, and COMT by maternal rearing style interactions with loneliness. It was of particular interest to determine whether this interaction would change across age. Then, we examined the role of COMT genotype as a moderator and loneliness as a mediator of the relationship between maternal rearing style and health-related consequences. For the gene-environment interactions, we expected the COMT genotype to interact with the maternal rearing style in predicting loneliness. Furthermore, we hypothesized that the effects will be highest in adult's early years, and will slowly decrease throughout adulthood. Finally, we hypothesized that loneliness could further impact adults' social anxiety and life satisfaction.
Methods

Participants
We used a Chinese DNA dataset of participants who had consented to participate in scientific research, and we finally have 1034 participants, among which 532 were male (51.5%) and 502 were female (48.5%). The mean age of subjects in this dataset was 26.77 years (SD = 5.19). Using G*Power 3.1, there is a 80% chance of correctly rejecting the null hypothesis of no difference with a total of 155 participants (Faul, Erdfelder, Buchner, & Lang, 2009 ). 
Genotyping
Measures
Loneliness
SELSA-C. A Chinese variant of the Social and Emotional Loneliness Scale for Adults
(SELSA-C) was used to assess loneliness among adults, derived from those of DiTommaso and Spinner (1993). The SELSA-C is a self-reporting questionnaire that is composed of 18-tem subscales: the social loneliness subscale (e.g., "I don't have any friends who share my views, but I wish I did") and the emotional loneliness subscale (e.g., "I wish I had a more satisfying romantic relationship"). Using a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), the participants were asked to report the extent to which these statements apply to them. In this study, the Cronbach's α coefficient of SELSA-C loneliness scale was 0.89.
Maternal rearing style
S-EMBU-C. The Chinese version of the simple parenting style scale (S-EMBU-C) revised by Jiang et al. (2010) was selected. The questionnaire included two parts of the father/mother version, each with 21 questions. The father and mother subscales are composed of three dimensions: rejection, emotional warmth and overprotection. The scale adopts Likert 5-point scoring method, from "never" to "always", and the scale is scored 1 ~ 5 points respectively. Its internal consistency coefficient were 0.844 (reject), 0.831 (overprotection) and 0.873 (emotional warmth) respectively. The higher the average score in each dimension of the questionnaire, the more the mothers adopted the parenting style represented by this dimension.
Social Anxiety
IAS. The 15-item Interaction Anxiousness Scale (IAS; Leary, 1983 ) measures people's anxiousness in social situations. The scale adopts Likert 5-point scoring method, from "extremely inconsistent" to "extremely consisten", and the scale is scored 1 ~ 5 points respectively. It's internal consistency coefficient was 0.909. The higher the score of the questionnaire represented the more social anxiety level.
Life satisfaction
SWLS.
A 5-item Satisfaction with Life Scale (SWLS) developed by Diener et al. (1985) was used to measure respondents' life satisfaction. Using a 7-point scale, respondents were asked their level of agreement ranging from 1 (strongly disagree) to 7 (strongly agree) with each of the following statements: ''In most ways my life is close to my ideal," ''Things in my life are difficult" (reversed), and ''I'm satisfied with my life". As a scale developed for the overall assessment of life satisfaction as a cognitive-judgmental process, it's internal consistency coefficient was 0.899.
Data analyses
To minimize systematic variance not due to the variables of interest (Koch & McGarth, 1996) and thereby enhance internal validity in our study, participants' gender, as well as subjective socioeconomic status (SES), were included as the control variables in all steps of our analysis. A single item was used to measure the demographic characteristics of gender (male = 0 and female =1) and SES. Firstly, Pearson correlations were used to make descriptive statistics for each variable. Then hierarchical regression analyses were conducted to investigate the effects of COMT Val158Met polymorphism and maternal rearing style on participants' loneliness scores. The interactions between each dimension of maternal rearing style and COMT Val158Met genotype were calculated by multiplying the normalized variables together (Aiken, West, & Reno, 1991) . Besides, to increase our understanding of how loneliness influence participants' interpersonal skill (social anxiety) and well-being(life satisfaction) at different ages, we split the age variable into three groups to repeat the interactive analysis.
Then we built a moderated mediation model (Figure 1) . To examine the moderated mediation model, we used the PROCESS 3.2 for SPSS developed by Hayes (2013) to analyze the hypothesized paths among all ages. Model 7 of the PROCESS was employed in the current study. The covariate variables were age, gender, subjective socioeconomic status, maternal emotion warmth and maternal overprotection. This model produces multiple coefficients: the direct effect of maternal reject (X) on social anxiety(Y1) or life satisfaction (Y2) (c path) controlling for loneliness, the effect from maternal reject (X) to loneliness (M; a1 path), the effect from COMT (W) to loneliness (M; a2 path), and the conditional effect of COMT (W) on maternal reject (X) to loneliness (M; a3 path). This analysis analyzes conditional indirect effects of maternal reject on social anxiety/ life satisfaction through loneliness. Indirect effects were tested using 5,000 bootstrapped resamples. This procedure produces 95% bias corrected and adjusted confidence intervals (CI). Significant indirect effects are identified by CIs that do not include zero. The predictor and moderator variables were mean-centered for the conditional effect test. Following Hayes (2015) , we also calculated the index of moderated mediation to examine differences between conditional indirect effects. When the index is significantly different than zero, this indicates that the conditional indirect effects are different from each other.
The conditional indirect effect of maternal reject to life satisfaction (social anxiety) through loneliness for indirect effects at three levels of COMT (Val/Val, Val/Met and Met/Met) was conducted. Finally, we repeated the spliting age group analysis. The current study utilized the statistical software SPSS 23.0 and its PROCESS for analysis. Fig. 1 The proposed moderated mediation model.
Maternal rearing Loneliness
COMT Life Satisfaction
Social Anxiety
Results
The demographic information, loneliness scores and social anxiety scoresof three genotype groupswas shown in Table 1 . Correlations among variables were presented in Table 2 . One-way ANOVAs were conducted to examine the difference in the demographic information among the three variants of COMT Val158Met and the results showed that the allelic distribution was comparable across all variables. 
COMT moderated relations between M and L
To examine the moderating effect of genotype on the association of maternal rearing style with loneliness, we initially analyzed the interaction of genotype as well as maternal rearing style. The hierarchical regression analyses first confirmed that the interaction of COMT Val158Vet and maternal rearing style reliably predicted participants' loneliness scores. As the number of scale points increases, ordinal data behave more closely to interval data (Boomsma, 1987; Rigdon, 1998) . Each maternal rearing behavior (reject, emotional warmth, overprotection) was used as a continuous variable in the models. We included the COMT Val158Met genotypes as categorical variables.
Firstly, we entered Gender, Age, SES and the other two types of maternal rearing style variables (
Step 1) to control for the influence of each participant's subjective socialeconomic status and the influence of other types of maternal rearing style (such as emotional warmth and overprotection). Then we entered COMT Val158Met genotypes as well as the type of maternal rearing style (such as reject) as the independent variables (Step 2). Finally, we entered the interaction term (such as maternal reject  COMT Val158Met,
Fisher r-to-z transformation before computed the interaction term) in the model (Step 3) .
This model predicted loneliness across all participants.
The hierarchical regression analyses first confirmed that the interaction of COMT Val158Vet and maternal reject score predicted participants' loneliness scores ( Table 1) . Figure 1 B) , but the hierarchical regression analyses failed to show significant moderation effect ( Table 1) . The hierarchical regression analyses also failed to reveal that the interaction of COMT Val158Met genotype and maternal overprotection ( Table 1) Taken together, the results indicate that there is a significant association between maternal reject and loneliness and this association is significantly moderated by COMT Val158Met. Follow up simple slope analyses (Preacher et al., 2006) , as shown in Figure   2 , revealed that COMT Val allele was correlated with higher loneliness scores in the high (1 s.d. above the average) maternal reject group but with lower loneliness scores in the low (1 s.d. below the average) maternal reject group. We also conducted a simple slope test.
Separate analyses revealed significant correlations between loneliness scores and maternal
The simple slope test was significant in all three genotype groups (Val/Val: β = 0.74, t = 5.63, P < 0.001; Val/Met: β = 0.53, t = 5.02, P < 0.001; Met/Met: β = 0.31, t = 2.20, P = 0.02 <.05; Figure 2) , which means maternal reject scores has a significant predictive effect on ones' lonoliness score under three conditions of COMT genotypes Fig. 2 Interactions between COMT Val158Met genotype and maternal rearing style .
The COMT moderating effect across different age group
Then we divided the 1034 participants into three age groups: Group A (Age: 18~25), Group B (Age: 26~29) as well as Group C (Age: 30~50). A mixed-design ANOVA with age, reject (high, low) and COMT revealed a main effect of COMT, F(1,364) = 16.190, P < 0.001. However, the main effect of age was not significant, F(2,364) = 0.562, P = 0.570.
Analysis of three-way interaction showed that there wasn't a statistically interaction between COMT Val158 Met genotypes, maternal reject and age, F(4,364) = 0.336, P = 0.85. All other main effects and interactions were non-significant and irrelevant to our hypotheses. Post-hoc analysis showed that there is a significant effect of interaction term 
The COMT dependent mediation effect of loneliness between M and SA/LS
In this part we explored the mediating role of loneliness and the moderating role of COMT Val158Met through maternal reject predicted social anxiety and life satisfaction. So, we further picked Val/Val level to continue our age-divided analysis. When the COMT variable was controlled to Val/Val level, the mediation model was conducted at three age groups. The results have been shown in Table S4 . As Table S4 demonstrates, the indirect effects were all significant.
As When the COMT variable was controlled to Val/Val level, the mediation model was conducted at three age groups. The results have been shown in Table S4 . As Table S2 demonstrates, the conditional direct effects were not significant in all age groups but the indirect effects were all significant. So, we can see that the pattern of the conditional indirect effects of COMT and age were just the same when the dependent variable was social anxiety. 
Discussion
In the present study, we aimed to conduct monogenic interaction (G × E) analyses for adult loneliness development that involved genetic variation in the COMT Val158Met and maternal rearing style. We further investigated whether genetic and environmental interactions influence adult mental health through loneliness. The present results showed that COMT Val158Met polymorphism moderated the relationship between maternal rearing style and loneliness, but this moderating relationship existed only in maternal rejection, and we did not find statistical significance in emotional warmth and overprotective rearing style.
Adopting positive parenting rearing style, such as mother's emotional warmth, will make children feel less lonely in family, society and the whole (Zhou et al., 2013) .
Consistent with previous studies, the warm rearing style of mothers in this study did predict lower loneliness, but genes did not significantly modulate this prediction. One possible explanation is that the COMT gene is more sensitive to negative environments and less sensitive to positive ones like maternal warmth. Drury et al. (2010) found that the Met allele was only protective in the group of children who were raised in the adverse context of an institutional environment and the effect not apparent for those being raised in foster care families. This is similar to the findings of regarding the serotonin transporter gene where the short allele conferred vulnerability to depression, but only with significant negative life stress exposure (Caspi et al., 2003) . Overprotective parents can make children less able and motivated to explore the outside world. However, children who grow up under overprotective parents can run back to their parents' arms in times of danger or difficulties and get enough support and love, so the feeling of loneliness may not be strong. This is one possible explanation for the main and moderating effects that we did not get from overprotection. The main effects of maternal rejection and loneliness were significant, which aligns with Zhou's (2013) results showing that negative rearing style, such as mothers' rejection, will make children have more and more intense loneliness experiences. Meanwhile, we didn't find a significant correlation between genes and loneliness. One possible explanation for the non-significant direct effect of COMT Val158Met polymorphism in our sample on adults' loneliness is that the direct relationship between genes and complex psychological problems is usually small and therefore difficult to detect (Rutter, Moffitt, & Caspi, 2006) .
In the grouped control model, only individuals with the Val/Val genotype had significant moderating effects at all three ages. Ira et al. (2014) found that individuals exposed to low maternal care as a child (childhood which reported higher levels of loneliness when their reports of familial social support were low. The results were significant across all age groups, suggesting that rearing style had a long-term, significant impact on adult loneliness.
When considering the mediation model, current findings revealed that COMT Val158Met moderated the association between maternal rearing style and loneliness in their relation to social anxiety and life satisfaction. Specifically, these completely mediated relations were evident among those with Val/Val genotype but absent in Met carriers. The current data were consistent with previous studies that carriers of the Val/Val allele were more sensitive to the negative environment (Hosang et al., 2017) . Similarly, we tested mediating models with moderation in Val/Val carriers in age groups. Results found out that in the presence of Val/Val genotype, once loneliness was taken into account, the maternal rearing style no longer predicted social anxiety and life satisfaction in either age. These cross-age findings thus supported the argument that loneliness plays a central role in adult mental health, which specifically influences adult interpersonal and subjective well-being.
Loneliness has been considered a major source of psychological stress (Friedler, Crapser, & McCullough, 2015) , for instance, generalized anxiety, panic attacks and suicidality were strongly associated with loneliness. Loneliness poses significant health risks and in our study G×E interaction only influenced mental health through loneliness. Taken together, loneliness should be regarded and inquired about as a relevant health variable on its own (Heinrich, & Gullone, 2006) .
Limitation and Expectation
Although the present study indicated an association of the G×E interaction with loneliness and adult mental health, several limitations should be considered.
On the one hand, we only focus on maternal parenting as an environmental influence.
Loneliness is a complex phenotype that may be the result of multiple environmental and biological factors. Stressful life events have been found to have a significant effect on loneliness (Segrin, 1999) . Therefore, it is important to study the multiple environmental and genetic effects of loneliness in future large longitudinal sample studies. On the other hand, human problem behavior may be more susceptible to complex interactions, such as those between multiple genes and the environment, than the result of a single gene interacting with the environment. In future studies, we can further investigate the interaction between polygenes and the environment.
